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IMAGE SENSOR AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to an image sensor for use 
in hard-copy image reading devices such as facsimiles, 
scanners and so on and relates to a method of manufacturing 
the same image sensor. 

Recently, there has been an increasing demand for further 
improved and miniaturiZed one-dimensional image sensors 
for converting image information into electric signals in 
conjunction With an increasing demand for image-reading 
apparatuses such as facsimiles and image scanners. Among 
the existing one-dimensional image sensors, there are tWo 
predominant types, one of Which is a contract type optical 
image sensor using mirror and the other is a contact image 
sensor using a rod-lens array. A contract type image sensor 
using a micro-lens array and an optical Waveguide array has 
been last developed. 

FIG. 1 is illustrative of a system of a conventional 
contract type image sensor. Light from an LED array 1 
striking a surface of an original 2 is re?ected to a mirror 22 
Wherefrom it is further re?ected several times betWeen 
mirrors 22. After this, the re?ected light passes a lens 23 and 
forms an image on a light-receiving element array 5. Thus, 
the image information can be obtained. 

FIG. 2 is illustrative of a conventional contact type image 
sensor using a typical rod-lens array 24. Light from an LED 
array 1 striking a surface of an original 2 is re?ected and fall 
into a rod-lens array 24 through Which it passes and forms 
an image on a light-receiving element array 5. This device 
can be miniaturiZed oWing to its simple construction. 

FIG. 3 is illustrative of a contract type image sensor using 
a conventional micro-lens array 3 and optical Waveguide 
array 25. Light from an LED array striking a surface of an 
original 2 is re?ected to a micro-lens array 3 including the 
speci?ed number of equally spaced micro-lenses corre 
sponding to respective pixels of a speci?ed image format. 
The converged light passes the optical Waveguide array 25 
and forms an image on a light-receiving sensor array 5. The 
device can be thus miniaturiZed. Furthermore, it is possible 
to precisely induce rays of light from the micro-lens array 
into the optical Waveguide array 25 by matching numerical 
aperture NA of the micro-lens array 3 With that of the optical 
Waveguide array 25. This is disclosed in Japanese Laid 
Open Patent Publication No. 9-37038. 

The contract type image sensor of FIG. 1, hoWever, 
necessarily contracts a Whole image information to 1/10 in 
siZe through a lens. Therefore, the sensor must have an 
elongated conjugate length. For example, a distance from an 
original document of B4 in format siZe to a light-receiving 
element may be about 330 mm. An optical path is usually 
folded by mirrors 22. HoWever, the conjugate length of the 
device is above 70 mm. This makes it dif?cult to further 
reduce the siZe of the device. 

The contact type image sensor using a rod-lens array 24 
as shoWn in FIG. 2 can have a considerably reduced distance 
betWeen an original document and a light-receiving element 
by using a short-focusing lens since Whole image informa 
tion is formed in the same scale. The latest model has the 
document-to-element distance of about 10 mm. HoWever, 
the device of this type has a very shalloW depth of ?eld of, 
e.g., 0.5 mm at Which its MTF can be maintained at a level 
higher than 40% for the speci?cation of 200 dots per inch. 
Application of a sensor having a shalloW depth of ?eld in a 
handy scanner or a ?at head scanner may arise a problem 
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2 
that an uneven surface portion of a double spread page of a 
book or pasted slips cannot be read. To avoid this, a rod-lens 
having a small numeral aperture (NA) and a deep focal depth 
must be used. HoWever, the use of such a rod-lens may 
elongate the conjugate length of the device. For example, a 
rod-lens array 24 having a depth of ?eld of about 3 mm has 
a conjugate length of about 50 mm resulting in increasing 
the siZe of the device. In addition, the rod-lens array having 
a deep depth of ?eld is expensive. 
The compact type sensor may have a depth of ?eld of 6 

mm or more on the same conditions. 

As described above, both types of sensors involve such a 
common problem that miniaturiZation of the device is 
alWays accompanied by shalloWing a depth of ?eld of the 
lens array While the use of the lens array having a deep depth 
of ?eld necessarily increase the siZe of the device. In other 
Words, these tWo factors are tradeoffs to each other. 

There has been developed an image sensor (FIG. 3) 
having a micro-lens array and an optical Waveguide array, 
Which has a 20 mm distance betWeen an original document 
(B4 in siZe) and a light-receiving element. As disclosed in 
Japanese Laid-Open Patent Publication No. 9-37038, this 
image sensor is constructed in such a Way that the micro-lens 
array 3 and the optical Waveguide array 25 have the same 
numeric aperture and the image forming siZe of the former 
matches the core siZe of the latter. This feature can consid 
erably reduce the crosstalk from neighboring elements of 
micro-lens array 3 and neighboring pixels. HoWever, this 
arrangement may cause another problem that an image being 
in out-of-focus or as contacted in siZe due to a ?oating area 
of the original document may increase crosstalk and cause a 
considerable change in quantity of light due to the out-of 
focus position of the image. In addition, this device causes 
an image information from the original to be contracted 
through the curved optical Waveguide array and, therefore, 
may be necessarily increased in its general siZe as the 
number of image pixels increases. The device is more 
dif?cult to be miniaturiZed than the contact type sensor using 
a rod-lens array. It is also noted that elongation of the optical 
Waveguide array is accompanied by increasing loss of light 
therein. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide an image sensor that includes an array of a speci?ed 
pixel-corresponding quantity of micro-lenses arranged for 
forming an image of light re?ected from an original 
document, an array of the speci?ed pixel-corresponding 
quantity of optical ?bers or Waveguides arranged for trans 
mitting an image formed by the micro-lens array as respec 
tive optical signals of pixels, and an array of light-receiving 
elements for receiving optical signals from the optical ?ber 
or Waveguide array and converting the signals into electric 
signals, Wherein the optical ?ber array or optical Waveguide 
array has cores Whose end-faces have each a siZe smaller 
than a siZe of an image formed by corresponding micro-lens 
and are located on the micro-lens-side from the image 
forming plane When the original document is placed at a 
given position. The construction of this image sensor is such 
that an image information of the original is transmitted pixel 
by pixel through pairs of micro-lens With an optical ?ber or 
Waveguide to respective light-receiving elements. This may 
reduce crosstalk due to ?oating of the original from the base 
level and contraction of its image through the micro-lens 
array if the image is formed in siZe larger than the core of 
the optical ?ber or Waveguide When the original document 



US 6,374,024 B1 
3 

is placed at a given position. The image formed thus being 
in out of focus can be read at its center portion by the optic 
?ber array Whose core-end-faces are located on the micro 
lens side from the image-forming plane. This means that 
?oating of the original may approach the image-forming 
plane to the core-end-faces of the optical ?ber array, thereby 
the image becomes improved With a reduced variation of 
light quantity. As the result of the above-described effects, an 
image ?nally obtained through the light-receiving element 
array can have a deep depth of ?eld. 

Another object of the present invention is to provide an 
image sensor that includes an array of a speci?ed piXel 
corresponding quantity of micro-lenses arranged for form 
ing an image of light re?ected from an original document, an 
array of the speci?ed pixel-corresponding quantity of optical 
?bers arranged for transmitting an image formed by the 
micro-lens array as respective optical signals and an array of 
light-receiving elements for receiving the optical signals 
from the optical ?ber array and converting them into electric 
signals, Wherein the optical ?ber array has the optical ?bers 
arranged parallel to each other therein. This image sensor 
attains a very compact and effective construction alloWing a 
light signal from the micro-lens array to be transferred to the 
light-receiving element array through a shortest path With a 
minimum loss of light. Furthermore, the sensor is ineXpen 
sive since its optical ?ber array is suitable for mass produc 
tion at a loW cost by the same method as manufacturing the 
rod-lens array and is easy to be coupled With the light 
receiving element array oWing to a Wide pitch betWeen the 
arrays. 

Another object of the present invention is to provide an 
image sensor that uses an optical ?ber array formed by 
arranging optical ?bers each composed of a core and a clad 
in an array, bonding them to a jig With adhesive containing 
nontransparent material having a refractive indeX higher 
than that of the clad and further providing light-shield ?lm 
covering incident (input-side) end-faces of the optical ?bers 
excluding core end-faces. This image sensor can shut off 
light falling on the end-faces of the clads, Which may 
become stray light if it Was alloWed to enter therein. A part 
of incident light, Which has entered each core at a larger 
numeric aperture NA, may be refracted into the clad and 
then absorbed by an adhesive layer having a higher refrac 
tive indeX. Furthermore, this array can be formed from 
conventional optical ?bers each composed of a core and a 
clad. 

Another object of the present invention is to provide an 
image sensor that uses an optical ?ber array formed by 
arranging optical ?bers each composed of a core and a clad 
having a refractive indeX being, at its inside, loWer than that 
of the core and gradually increasing toWard its outside 
surface and then adhering the optical ?bers to a jig With 
adhesive containing nontransparent material having a refrac 
tive indeX higher than that of that of the outside surface of 
the clad. This image sensor can shut off light falling on the 
clad, Which may become stray light if it enters therein. 
Furthermore, a part of incident light, Which enters the core 
at a larger numeric aperture NA and is refracted into clad, 
can be lead toWard the outside of the clad and absorbed by 
an adhesive layer containing a substance having a higher 
refractive indeX. This optical ?ber array has no need for 
provision of further shielding for shutting of f light falling on 
the clads such as light shielding ?lm. 

Another object of the present invention is to provide an 
image sensor using an optical ?ber array in Which optical 
?bers each having a three-layer structure composed of a 
core, a clad and an absorbing layer, With a refractive index 
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4 
of the clad sandWiched betWeen the core and the absorbing 
layer is loWer than those of the core and the absorbing layer, 
are arranged in an array and ?Xed to a jig With adhesive 
containing nontransparent material. In this sensor, stray light 
may enter into the clad, hit the absorbing layer and is 
completely absorbed and attenuated therein since the 
absorbing layer has a higher refractive indeX than that of the 
clad. This optical ?ber array dose not require any further 
protection against stray light such as light shielding ?lm. 

Another object of the present invention is to provide an 
image sensor that uses a jig With optical ?bers adhered 
thereto and having a thermal eXpansion coef?cient substan 
tially equal to that of the light-receiving elements to be 
coupled thereWith. This image sensor can be free from 
occurrence of misalignment (pitch error) betWeen the optical 
?ber array and the light-receiving element array oWing to the 
same level of thermal eXpansion. 

Another object of the present invention is to provide a 
method of manufacturing an image sensor, Which comprises 
steps of: putting a transparent substrate on an end-face of an 
optical ?ber array or an optical Waveguide array, applying an 
ultraviolet-curing resin-coat on the substrate, forming 
thereon cylindrical islands each having a diameter corre 
sponding to a region of divergent angle of the optical ?bers 
or optical Waveguides by ultraviolet radiation from the 
reverse-side end-face and forming spherical lens surfaces of 
the respective islands by thermal re?oWing and simulta 
neously adjusting the transparent substrate thickness to a 
value at Which each micro-lens being shaped to the effective 
region of diverging radiation of each optical ?ber or each 
optical Waveguide can have a diameter smaller than that of 
a piXel. The manufacturing method can easily produce a 
micro-lens array that has element-to-element pitches corre 
sponding to those of the optical ?bers or optical Waveguides. 
This image sensor has no need of optical alignment of 
micro-lens array With optical ?ber or Waveguide array. 

Another object of the present invention is to provide a 
method of manufacturing an image sensor, Which comprises 
steps of: putting a transparent substrate on an end-face of an 
optical ?ber array or an optical Waveguide array, applying a 
photosensitive resin layer on the substrate, forming thereon 
sWellings each having a diameter corresponding to a region 
of divergent angle of the optical ?bers or the optical 
Waveguides by ultraviolet radiation from the reverse-side 
end-face and forming semi-spherical lens surfaces of the 
respective islands by the effect of alloWing therein unreacted 
monomers. At the same time, the thickness of the transparent 
substrate is adjusted so that each micro-lens to be shaped to 
the effective region of diverging light of each optical ?ber or 
each optical Waveguide may have a diameter smaller than 
that of a piXel. The manufacturing method can easily pro 
duce a micro-lens array Whose element-to-element pitch 
corresponds to that of the optical ?ber array or the optical 
Waveguide array. This method also assures realiZing the 
above-mentioned effect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is illustrative of a conventional contraction type 
image sensor using mirror optics. 

FIG. 2 is illustrative of a conventional contact type image 
sensor using a rod-lens array. 

FIG. 3 is illustrative of a conventional contraction type 
image sensor using an optical Waveguide array. 

FIG. 4 is illustrative of an image sensor according to an 
aspect of the present invention, Which is seen from the main 
scanning direction. 
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FIG. 5 is illustrative of an image sensor according to an 
aspect of the present invention, Which is seen from the 
sub-scanning direction. 

FIG. 6 is a sectional vieW of an optical ?ber array 
according to an aspect of the present invention. 

FIGS. 7A to 7D are vieWs for explaining a method of 
manufacturing micro-lenses used in an embodiment of the 
present invention. 

FIGS. 8A and 8B shoW a change in quantity of image light 
detected by an image sensor of the present invention When 
an original document being ?oated from a preset level. 

FIG. 9 is a graph shoWing the dependency of MTF 
capacity upon a ?oating quantity of an original, Which Were 
obtained by reading an original page of 4 line pair/mm by an 
image sensor of the present invention, a conventional con 
traction type image sensor and a conventional contact type 
image sensor respectively. 

FIG. 10 is a sectional vieW of an optical ?ber array 
according to an aspect of the present invention. 

FIG. 11 is a sectional vieW of an optical ?ber array 
according to another aspect of the present invention. 

PREFERRED EMBODIMENTS OF THE 
PRESENT INVENTION 

Referring to the accompanying draWings, preferred 
embodiments of the present invention Will be described 
beloW in detail. HoWever, it should be noted that the present 
prevention is not restricted to those preferred embodiments, 
Which are conceptually illustrated With the quantities of 
micro-lenses, optical ?bers and light-receiving elements 
necessary for resolving an image (i.e., pixels contained in an 
image). 

FIGS. 4 and 5 illustrate an image sensor of the present 
invention as seen from the main scanning direction and the 
sub-scanning direction respectively. This image sensor has 
an optical system in Which light from an LED array 1 is 
re?ected from an original document surface 2 and then 
formed an image of light by a micro-lens array 3 that then 
transmits the image as a light signal to an optical ?ber array 
4 that in turn transmits the light signal to a light-receiving 
element array 5. 

FIG. 6 illustrates an optical ?ber array 4 in section vieWed 
from the sub-scanning direction, Which array is used in an 
image sensor according to an aspect of the present invention. 
In FIG. 6, there is also shoWn a graph indicating a distri 
bution of refractive index of the optical ?ber in the radial 
direction thereof. The optical ?ber 6 is of the conventional 
tWo-layer-type composed of a core 6a and a clad 6b, Which 
have radii of 4 pm (core) and 56 pm (clad) respectively. The 
numerical aperture NA of the optical ?ber is 0.181. 2048 
pieces of optical ?bers 6 are linearly disposed in a plane in 
parallel to each other at intervals (pitches) of 125 pm and 
?xed to a jig (holder) 7 With adhesive 10 containing non 
transparent material, then is cut to 1 mm in length to form 
an optical ?ber array 4. The content of nontransparent 
material in the adhesive 10 has been regulated so that the 
adhesive layer 10 has a refractive index higher than that of 
the clad of the optical ?ber. 

The jig 7 is made of material having the same level of 
thermal expansion coef?cient as the light-receiving element 
array 5 has. This prevents the occurrence of misalignment 
(pixels) betWeen the optical ?ber array and the light 
receiving element array, Which may be resulted from the 
difference of thermal expansion values of their materials. In 
the optical ?ber array 4, the incident-side ends of the optical 
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?bers excluding the end-faces of cores 6a are provided With 
light shielding ?lm 11 to shut off light rays 13a falling out 
of the core end-faces and to alloW light to enter only through 
the end-faces of the cores in the array. Among the incident 
rays having entered each optical ?ber core, light 13b having 
a larger numerical aperture is refracted into clad 6b Wherein 
they become stray light that has an angle to the optical axis 
and therefore hits the adhesive 10 having a higher refractive 
index and absorbed therein. This optical ?ber array 4 may 
use conventional optical ?bers each composed of only a 
?ber core and a clad. 

A light shielding ?lm Was formed on the incident-side 
end-faces of each optical ?ber by using the folloWing 
method: 

The optical ?bers 6 ?xed to the jig 7 are cut off their 
incident-side ends and clad ends 6b are etched by dipping it 
into a buffered hydro?uoric acid solution. Then, the entire 
end-faces of the optical ?bers are coated With ultraviolet 
curing resin containing nontransparent (shielding) material 
that is then hardened by ultraviolet radiation. The coat of 
each optical ?ber is ground off until the end-surface of each 
core is exposed. 

Alternatively, the folloWing method can be also applied. 
The optical ?bers 6 ?xed to the jig 7 are cut off their 

incident-side ends and coated With photoresist. Then, ultra 
violet radiation is introduced through the reverse-side end 
face of the optical ?ber array 4 being bent in the direction of 
the ?bers. The ultraviolet radiation selectively forms resist 
patterns on the incident-side end-faces of the cores since 
ultraviolet rays having entered the clads are absorbed by the 
resin adhesive layers 10. After this, a thin metal coat is 
applied onto the incident-side end-face of the optical ?ber 
array and then the photoresist patterns are removed from 
there to expose only the end-faces of the cores in the array. 

Referring noW to FIGS. 7A to 7D, a method of forming a 
micro-lens array 3 on an optical ?ber array 4 Will be 
described beloW. 
(A) A transparent substrate 8 of about 500 pm in thickness 

is bonded to the end-face of the optical ?ber array 4, 
Which end-face is facing to the original document. A 
uniform coat of photoresist is then applied on a Whole 
surface of the substrate 8 as shoWn in FIG. 7A. 

(B) Ultraviolet radiation is applied to the substrate from the 
reverse (output) end-face of the optical ?ber array through 
Which the ultraviolet rays are restricted Within a region of 
divergent angle de?ned by the numerical aperture (NA) of 
the array and hit only the resist portion 14 Within the 
corresponding areas as shoWn in FIG. 7B. 

(C) Cylindrical islands 15 are formed by developing as 
shoWn in FIG. 7C. 

(D) The islands are re?oWed by heat to form spherical 
islands 16 that are then entirely exposed to light beams to 
obtain decolored resist as shoWn in FIG. 7D. Thus, a 
micro-lens array is formed on the substrate of the optical 
?ber array. A curvature radius of each micro-lens is set to 
160 pm. 
There is an alternative method for forming a micro-lens 

array. A transparent substrate is bonded to the end-face of an 
optical ?ber array 4 and coated With a photosensitive resin 
layer. The resin layer formed on the substrate is exposed to 
ultraviolet radiation induced from the reverse end-face of the 
optical ?ber array. This causes unreacted monomers to move 
up into each resin area Within a circle Whose diameter 
corresponds to a region of divergent angle of each optical 
?ber in the array, resulting in forming a spherical surface of 
the area. The micro-lens array is thus formed. Alternatively, 
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it is allowed that an array of micro-lenses is separately 
formed for example by an injection forming method and 
then attached to an optical ?ber array. 
ACCD (charge-coupled-device) type linear sensor is used 

as the light-receiving element array 5. Light-receiving Win 
doWs each having a siZe of 110x110 pm in the main and sub 
scanning directions respectively are arranged at intervals of 
125 pm in an array. This light-receiving element array can be 
easily coupled With the optical ?ber array at a coupling 
accuracy of 50 pm. 
A distance from the micro-lens surfaces to the light 

outgoing end-face of the optical ?ber array is 1.5 mm. A 
distance from the micro-lens array 3 to a protective trans 
parent ?lm 9 is 1.5 mm. The thickness of the protective 
transparent ?lm 9 is 0.75 mm to obtain a distance of 2.25 
mm betWeen the original document and the micro-lens array. 
A substrate holding thereon the light-receiving elements and 
other circuit elements is 1 mm, so a total height of the image 
sensor is not more than 5 mm. This siZe of the image sensor 
is smaller than that of any conventional contact type image 
sensor using a rod-lens array and considerably smaller than 
that of any conventional contraction type image sensor using 
a set of mirrors. 

FIGS. 8A and 8B illustrate hoW to read an original by the 
image sensor in case (A) When the original placed in a given 
place as shoWn in FIG. 8A and in case (B) When the surface 
of the original is ?oated from the given position as shoWn in 
FIG. 8B. In the case (A) When the surface of the original is 
apart from the micro-lens by 2.5 mm, an image-forming 
plane 17 lies at a plane deeper by a speci?ed value from the 
end-face of each optical ?ber. A distance from a principal 
point of the micro-lens array 3 to the end-face of the optical 
?ber is Within 510—520 ,um including a total thickness of the 
transparent substrate 8 and the adhesive layer. This ?gure is 
close to the image forming plane 17 in a PMMA 
(polymethyl-methacrylate) layer having a refractive index of 
1.492 When a distance betWeen the original and the micro 
lens array is set to 7.5 mm. Namely, an image is formed just 
on the end-face of the optical ?ber array in the case B When 
the original 2 is ?oated by 5 mm from the base level. In this 
instance, a single pixel image has a siZe of 6 pm Which can 
be effectively recogniZed since it is read by a 8 pm diameter 
core of each optical ?ber. Although an image 17 formed at 
the preset document-to-micro-lens distance of 2.5 mm is out 
of focus and has a larger siZe of 25 pm, the optical ?ber core 
can read a center portion of the image Where only a small 
out-of-focus effect is estimated. This can also reduce a 
change in quantity of light incident to the optical ?ber. 

FIG. 9 is a graph shoWing the dependency of MTF upon 
?oating quantity of an original apart from the base surface 
(an outside surface of a transparent protective layer) When 
the image sensor read an original page of 4 line-pair/mm. In 
FIG. 9, there are also shoWn, for comparison purpose, the 
MTF characteristics of a typical contraction type image 
sensor and a typical rod-lens contact type image sensor 
When having read the same document. The image sensor of 
the present image has an MTF value of 70% at the preset 
distance value, Which is remarkably higher than that of the 
contraction type image sensor. The image sensor can also 
maintain its MTF value of not less than 40% With a 
document ?oating of 5 mm. This can match the performance 
of the contact type image sensor. 

The preset value of the micro-lens-to-?ber distance and 
the preset siZe of the core end-face (FIGS. 8A and 8B) can 
also be applied to the conventional contractive optical 
Waveguide type image sensor of FIG. 3, Which may thereby 
possess an increased depth of ?eld. 
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The image sensor of the present invention can realiZe the 

same effects as the above by using either of the tWo 
folloWing alternate embodiments of optical ?ber arrays. 

FIG. 10 illustrates, in section vieWed in the sub-scanning 
direction, an optical ?ber array 18 for use in the image 
sensor according to the present invention, including a graph 
shoWing a distribution of refractive indexes in radial direc 
tions of the optical ?ber. An optical ?ber 19 used therein has 
a typical tWo-layered construction consisting of a core 19a 
and a clad 19b, Which have radii of 4 and 56 pm respectively. 
As shoWn in the graph of FIG. 10, the clad 19a possesses 
gradually increasing refractive indexes in such a Way that 
the refraction at the most inside thereof is loWer than that of 
the core 19a and gradually increases toWard the outside. A 
numerical aperture NA is 0.181. An optical ?ber array 18 is 
formed by arranging 2048 pieces of optical ?bers 19 in 
parallel With each other at intervals of 125 pm in a plane, 
bonding them onto a jig (holder plate) 7 With resin adhesive 
10 containing nontransparent material and cutting the ?bers 
to 1 mm in length. The resin adhesive 10 is mixed With 
nontransparent material to obtain a refractive index higher 
than that of the outside surface of the clad 19b. The jig 7 is 
made of material having a thermal expansion coef?cient 
equal to that of the light-receiving element array 5. In the 
optical ?ber array 18, alloWs incident light to enter the 
optical ?bers through end-faces of clads 19b and cores 19a 
of the ?bers. The light 13a having entered directly each clad 
and the light 13b having entered ?rst each core end-face of 
the optical ?ber With a larger numerical aperture NA are 
refracted into the clad travel therein and strike the nontrans 
parent adhesive layer having a further higher refractive 
index and completely absorbed therein. This method elimi 
nates the need for providing the end faces of clads With light 
shields for shutting off stray light. 

FIG. 11 illustrates, in section vieWed in the main scanning 
direction, an optical ?ber array 20 for use in the image 
sensor according to the present invention, including a graph 
shoWing a distribution of refractive indexes in radial direc 
tions of the optical ?ber. An optical ?ber 21 used therein has 
a three-layered construction consisting of a core 21a, clad 
21b and absorbing layer, Which have radii of 4, 2 and 56 pm 
respectively. The refractive indexes of the three layers are in 
such a relationship that the index of the core 21a> the index 
of the clad 21b< the index of the absorbing layer 21c. The 
numerical aperture NA of each optical ?ber is 0.181. 
The optical ?ber array 20 is formed by arranging 2048 

pieces of optical ?bers 21 in parallel With each other at 
intervals of 125 pm in a plane, bonding them onto a jig 
(holder plate) 7 With resin adhesive 10 containing nontrans 
parent material and cutting the ?bers to 1 mm in length. All 
components excepting the ?ber core 21a and clad 21b are 
made of nontransparent material not alloWing passing of 
unnecessary light. The jig 7 is made of material having a 
thermal expansion coef?cient equal to that of the light 
receiving element array 5. 
The outside absorbing layer 21c having the higher refrac 

tive index is provided around the thin clad 21b and it can 
absorb all the stray light entering therein through the clad 
21b. 

The image sensors manufactured With these optical ?ber 
arrays 18 and 20 respectively Were subjected to the same 
tests for reading the same original document and proved to 
have the reading ability matching that of the image sensor of 
the present invention, Which performance is shoWn in FIGS. 
8A and 8B. 

All the above-described embodiments of the present 
invention use optical ?ber arrays. Alternatively, an image 
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sensor may use an optical Waveguide array in place of an 
optical ?ber array. The optical Waveguide array can be 
manufactured for example by embedding a number of 
optical Waveguides made of core material in respective 
grooves made in a substrate. The optical Waveguide array 
can thus be assembled With ease at high accuracy as com 
pared With the optical ?ber array that requires prearranging 
a number of ?bers in an array. HoWever, the optical 
Waveguide array cannot be provided With protection for 
shutting off stray light, so it may have someWhat increased 
noise level as compared With the optical ?ber array. 
As is apparent from the foregoing, the image sensors 

according to the present invention can offer the folloWing 
advantageous effects: 

(1) The image sensor according to the present invention 
realiZes an optical system in Which an image information of 
the original is transmitted pixel by pixel through pairs of a 
micro-lens and an optical ?ber or an optical Waveguide to 
respective light-receiving elements. This may reduce 
crosstalk betWeen ?bers due to ?oating of the original 
document surface from the base level position and contrac 
tion of its image through the micro-lens array if the image 
formed in siZe larger than the core of the optical ?ber or 
Waveguide When the original document is placed at a given 
position. The image formed out of focus can be read at its 
center portion by the optical ?ber array Whose core end-face 
is located on the micro-lens side from the image-forming 
plane. This means that ?oating of the original may approach 
the image-forming plane to the core-end-faces of the optical 
?ber array, thereby the image becomes improved With a 
reduced variation of light quantity. As the result of the 
above-described effects, an image ?nally obtained through 
the light-receiving element array can have an increased 
depth of ?eld. 

(2) The image sensor according to another aspect of the 
present invention realiZes a very compact and effective 
optical system alloWing a light signal from the micro-lens 
array to be transferred to the light-receiving element array 
through a shortest path With a minimum loss of light. 
Furthermore, the sensor is inexpensive because its optical 
?ber array is suitable for mass production at a loW cost by 
the same method as the rod-lens array and is easy to be 
coupled With the light-receiving element array oWing to a 
Wide pitch betWeen the arrays. 

(3) The image sensor according to another aspect of the 
present invention can shut off light falling on each clad, 
Which may become stray light if it enters therein. Apart of 
incident light may enter the core at a larger numeric aperture 
NA and is refracted into clad and then absorbed by an 
adhesive layer having a higher refractive index. 
Furthermore, this optical ?ber array can be formed from 
conventional optical ?bers each composed of a core and a 
clad. 

The image sensor according to another aspect of the 
present invention can shut off light from entering into the 
clad, Which may become stray light if it enters therein. 
Furthermore, a part of incident light enters each core end 
face of the optical ?ber With a larger numeric aperture NA 
and is refracted into the clad and then enters an adhesive 
layer containing a material having a higher refractive index, 
Wherein the stray light is absorbed. This optical ?ber array 
has no need for further protection of shutting off stray light. 

In the image sensor according to another aspect of the 
present invention, stray light having entered the clad is 
refracted into the absorbing layer and completely absorbed 
and attenuated therein since the absorbing layer has a higher 
refractive index than that of the clad. This optical ?ber array 
doses not require any further protection against stray light. 
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The image sensor according to the present invention can 

be free from occurrence of misalignment betWeen the optical 
?ber array and the light-receiving element array oWing to the 
same level of their thermal expansion. 
The method of manufacturing an image sensor according 

to the present invention can easily produce a micro-lens 
array Which has an element-to-element pitch corresponding 
to that of the optic ?ber array or optical Waveguide array. 
This image sensor does not need optical alignment of 
micro-lens array With optical ?ber or Waveguide array. 
What is claimed is: 
1. An image sensor comprising, 
an array of a speci?ed quantity of pixel-corresponding 

micro-lenses arranged for forming an image of light 
re?ected from an original document, 

an array of the speci?ed quantity of pixel-corresponding 
optical ?bers or Waveguides arranged for transmitting 
the image formed by the micro-lens array as respective 
optical signals, and 

an array of light-receiving elements for receiving optical 
signals from the optical ?ber array or the optical 
Waveguide array and converting the optical signals into 
electric signals, Wherein the optical ?ber or Waveguide 
array has core-end-faces each having a siZe smaller 
than that of an image formed by the micro-lenses and 
being located on the micro-lens-side from the image 
forming plane When the original document is placed at 
a given position. 

2. An image sensor comprising an array of a speci?ed 
quantity of pixel-corresponding micro-lenses arranged for 
forming an image of light re?ected form an original 
document, 

an array of the speci?ed quantity of pixel-corresponding 
optical ?bers arranged for transmitting an image 
formed by the micro-lens array as respective optical 
signals and 

an array of light-receiving elements for receiving optical 
signals from the optical ?ber array and converting the 
optical signals into electric signals, Wherein the optical 
?ber array has the optical ?bers arranged parallel to 
each other therein. 

3. An image sensor as de?ned in claim 2, Wherein the 
optical ?bers each composed of a core and clad are arranged 
in an array and ?xed to a jig With adhesive containing 
nontransparent material having a refractive index higher 
than that of the clad and are further provided With a light 
shielding ?lm covering all input-side end-faces excluding 
core-end-faces. 

4. An image sensor as de?ned in claim 2, Wherein the 
optical ?bers each composed of a core and clad Whose 
refractive index is, at its inside, loWer than that of the core 
and gradually increases toWard its outside surface are 
arranged in an array and then ?xed to a jig With adhesive 
containing nontransparent material having a refractive index 
higher than that of the outside surface of the clad. 

5. An image sensor as de?ned in claim 2, Wherein the 
optical ?bers each having a three-layer structure composed 
of a core, a clad and an absorbing layer, With a refractive 
index of the clad loWer than that of the core and loWer than 
that of the absorbing layer, are arranged in an array and ?xed 
to a jig With adhesive containing nontransparent material. 

6. An image sensor as de?ned in claim 3, Wherein the jig 
With optical ?bers ?xed thereto has a thermal expansion 
coef?cient substantially equal to that of the light-receiving 
elements to be coupled thereWith. 

7. A method of manufacturing an image sensor de?ned in 
claim 1 or 2, comprising steps of: putting a transparent 
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substrate on an end-face of the optical ?ber array or the 
optical Waveguide array, applying an ultraviolet-curing 
resin-layer on the substrate, forrning thereon cylindrical 
islands each having a diameter corresponding to a region of 
divergent angle of the optical ?bers or the optical 
Waveguides by ultraviolet radiation from a reverse-side 
end-faces and forming spherical lens surfaces of the islands 
by thermal re?oWing and simultaneously adjusting a thick 
ness of the transparent substrate to a value at Which each 
rnicro-lens being shaped to the effective region of diverging 
light of each optical ?ber or each optical Waveguide can 
have a diameter smaller than that of a piXel. 

8. A method of manufacturing an image sensor de?ned in 
claim 1 or 2, comprising steps of: putting a transparent 

12 
substrate on an end-face of the optical ?ber array or the 
optical Waveguide array, applying a photosensitive resin 
layer on the substrate, forrning thereon sWellings each 
having a diameter corresponding to a region of divergent 
angle of the optical ?bers or the optical Waveguides by 
ultraviolet radiation from the reverse-side end-faces and 
forming spherical lens surfaces of the sWellings by alloWing 
unreacted monomer to move therein and simultaneously 
adjusting a thickness of the transparent substrate to a value 
at Which each rnicro-lens being shaped to the effective 
region of diverging light of each optical ?ber or each optical 
Waveguide can have a diameter smaller than that of a piXel. 

* * * * * 


